ABSTRACI To evaluate critical exposure levels and the reversibility of lead neurotoxicity a group of lead exposed foundry workers and an unexposed reference population were followed up for three years. During this period, tests designed to monitor neurobehavioural function and lead dose were administered. Evaluations of 160 workers during the first year showed dose dependent decrements in mood, visual/motor performance, memory, and verbal concept formation. Subsequently, an improvement in the hygienic conditions at the plant resulted in striking reductions in blood lead concentrations over the following two years. Attendant improvement in indices of tension (20% reduction), anger (18%), depression (26%), fatigue (27%), and confusion (13%) was observed. Performance on neurobehavioural testing generally correlated best with integrated dose estimates derived from blood lead concentrations measured periodically over the study period; zinc protoporphyrin levels were less well correlated with function. This investigation confirms the importance of compliance with workplace standards designed to lower exposures to ensure that individual blood lead concentrations remain below 50 ,ug/dl. limited but reversibility of the slowing of nerve conduction after chelation therapy has been reported in a study of 14 workers.7 SeppAlAinen and Hernberg evaluated 23 battery workers before and one and two years after entering lead exposed jobs.8 Pro longation of the motor distal latency of the median nerve and slowing of distal sensory velocity in the sural nerve were observed in individuals whose blood lead concentrations rose to levels no higher than 48 ug/dl. In a third prospective study nerve conduction studies on lead exposed workers and a reference group were performed on two occasions, 12-18 months apart.9 Mean nerve conduction velocities and latencies did not differ significantly between the two groups on either the first or the second testing; blood lead concentrations did not change appreciably between the two examinations. Another report used behavioural testing before, and two years after, the start of exposure.'0 Deterioration in performance was noted, particularly on the block design, Santa Ana coordination, and digit span tests in the exposed workers; by contrast, improvement in test performance was seen in age matched referents. 507 group.bmj.com on April 13, 2017 -Published by
ABSTRACI To evaluate critical exposure levels and the reversibility of lead neurotoxicity a group of lead exposed foundry workers and an unexposed reference population were followed up for three years. During this period, tests designed to monitor neurobehavioural function and lead dose were administered. Evaluations of 160 workers during the first year showed dose dependent decrements in mood, visual/motor performance, memory, and verbal concept formation. Subsequently, an improvement in the hygienic conditions at the plant resulted in striking reductions in blood lead concentrations over the following two years. Attendant improvement in indices of tension (20% reduction), anger (18%), depression (26%), fatigue (27%), and confusion (13%) was observed. Performance on neurobehavioural testing generally correlated best with integrated dose estimates derived from blood lead concentrations measured periodically over the study period; zinc protoporphyrin levels were less well correlated with function. This investigation confirms the importance of compliance with workplace standards designed to lower exposures to ensure that individual blood lead concentrations remain below 50 ,ug/dl.
In our experience central nervous system toxicity due to excessive lead absorption occurs at lower levels of exposure than dysfunction of the peripheral nervous system.' Slowing of nerve conduction and overt neuropathy usually appear after more intense or more prolonged exposure. Although other systemic effects may occur with modest levels of exposure, nervous system disorders have a greater impact on the ability of the individual to work and to perform the activities of daily life. Furthermore, since the nervous system has a limited regenerative capacity, lead is more likely to cause persistent functional neurological impairment than damage to other organ systems.
Most previous reports, based on cross sectional studies, describe a variety of lead related neuropsychological effects: impairment of verbal ability, memory, and visual/motor performance, as well as alterations in mood (table 1).2-6 Prospective studies following up the course of lead neurotoxicity are limited but reversibility of the slowing of nerve conduction after chelation therapy has been reported in a study of 14 workers.7 SeppAlAinen and Hernberg evaluated 23 battery workers before and one and two years after entering lead exposed jobs.8 Pro longation of the motor distal latency of the median nerve and slowing of distal sensory velocity in the sural nerve were observed in individuals whose blood lead concentrations rose to levels no higher than 48 ug/dl. In a third prospective study nerve conduction studies on lead exposed workers and a reference group were performed on two occasions, 12-18 months apart.9 Mean nerve conduction velocities and latencies did not differ significantly between the two groups on either the first or the second testing; blood lead concentrations did not change appreciably between the two examinations. Another report used behavioural testing before, and two Baker, White, Pothier, Berkey, Dinse, Travers, Harley, and Feldman tTests given only in first and third years. 
None of the other neurobehavioural tests exhibited any significant changes over the study period when comparing those with the highest initial blood lead concentrations ($50 ,ug/dl) with others with lower concentrations (tables 8 and 9). A slight improvement of comparable degree across the three exposure groups was noted on the similarities and digit symbol recall tests, consistent with a mild learning effect.
Discussion
This paper summarises the results of a three year prospective evaluation of lead exposed foundry workers and an unexposed comparison population. In the first year of this study we found that several tests of behavioural function were correlated with blood lead concentrations and we concluded that impairment of central nervous system function in adults occurred at exposure levels lower than those associated with the development of abnormalities of the peripheral nervous system; the most prominent signs of lead neurotoxicity were disturbances in mood noted in individuals with blood lead concentrations over 40 ,ug/dl.' Furthermore, individuals with blood lead concentrations above 60 ,ug/dl also performed worse on certain tests of verbal ability, memory, and visual/motor function. The present analyses confirm the initial reports of mood disturbances among individuals tested during the second year of our study, in which no one had a blood lead concentration greater than 60 ,tg/dl. One memory test and one visual/motor test also showed a significant negative correlation with various indices of lead absorption (table 6) .
A possible explanation for some of our results is that workers, knowing the effects of lead and knowing their blood lead concentrations, may have exaggerated their symptoms, thus creating information bias in the data. This is rather unlikely because workers were unaware of their current blood lead concentrations at the time of completing the POMS scale. Most, however, had had blood testing several months before testing in years two and three. Possibly, workers, knowing their prior blood lead concentrations, could have overreported changes of mood based on their knowledge of prior high exposures. Since blood lead concentrations were falling, however, such overreporting of symptoms would have reduced the magnitude of the effect noted in table 7. Thus if information bias of this type had occurred, the effect would have been to make it more difficult to observe the effects reported here. Another possible source of information bias would be the general overreporting of symptoms as a result of being studied by an outside group. Such an effect, however, would be expected to result in a general overreporting of symptoms across all exposure categories rather than a selective one for those with high initial blood lead concentrations. The possibility that, since high exposure is associated with certain jobs, individuals in those jobs could infer that their blood lead concentrations were high and therefore overreport certain symptoms was explored. In the analyses of the data from the first year of this study such a bias was not apparent and, within job categories, POMS 
